Background. Efavirenz (EFV) and boosted protease inhibitors (bPIs) are still the preferred options for firstline antiretroviral regimens (firstline ART) in Latin America and have comparable short-term efficacy. We assessed the long-term durability and outcomes of patients receiving EFV or bPIs as firstline ART in the Caribbean, Central and South America network for HIV epidemiology (CCASAnet).
showed no statistically significant differences between regimens in any of the individual and combined outcomes.
Observational studies, in contrast to clinical trials, have the potential to offer valuable additional information with respect to real-life settings, such as durability of the regimen over longer periods of time, survival, and loss to follow-up. Cohort studies carried out in Latin America and the Caribbean have evaluated the reasons for change of firstline regimen in the short term [2, 11] and long term [3] , the prevalence of use of third-line regimens [12] , and clinical outcomes such as death, loss to follow-up, and virological suppression after 1 year of cART initiation [13, 14] . Nevertheless, long-term outcomes on firstline ART and other outcomes that are seldom measured in these studies, such as the probability of requiring a third-line regimen, may have significant economic and public health relevance. Therefore, in this study, we compared the durability of firstline ART according to the third component in a cohort from Latin America and the Caribbean, and explored the effect of the use of EFV vs bPI as a third component of firstline ART on the subsequent need of a third-line regimen over a long period of time.
METHODS

Study Design and Study Population
In this observational, retrospective cohort study, we included ART-naïve adults (18 years or older), living with HIV infection, who started their firstline ART between January 1, 2000, and June 30, 2016 , at sites participating in the Caribbean, Central and South America network for HIV epidemiology (CCASAnet) cohort in Argentina, Brazil, Chile, Honduras, Mexico, Peru, and Haiti. Patients were included if the third component of their firstline ART was either EFV or a bPI. Only lopinavir/ritonavir and atazanavir/ritonavir were considered qualifying bPIs for this study; 15 patients starting darunavir/ ritonavir were excluded.
Definitions and Statistical Analyses
We compared the durability of EFV-based or bPI-based firstline ART by assessing the time from treatment initiation to the end of firstline ART. We defined the end of firstline ART as the occurrence of any of the following: (1) changes in third component for any reason (eg, virological or treatment failure [TF] , toxicity, or drug interactions); (2) interruption of treatment longer than 180 days; (3) death; or (4) loss to follow-up (LTFU), whichever occurred first. Detailed definitions of specific events including virological failure and LTFU are given in Figure 1 . Time in follow-up started on the date of firstline ART initiation and ended at the date of the first event of interest or the database closing date. (Database closing dates differed by study site and are included in the Supplemental Material.)
End of the first antiretroviral regimen was defined as the occurrence of any of the following, whichever occurred first:
1. Changes in the third component
HIV RNA levels never decreased to <400 copies/mL after 6 months of ART; or (2) Two consecutive measurements of HIV RNA levels >400 copies/mL after a measurement <400 copies/mL; or
(3)
A single measurement of HIV-RNA levels >1000 copies/mL after a measurement <400 copies/mL. No visits in the year before the closing date of the dataset at each site. The median time on the firstline ART was estimated as the time corresponding to the 50th percentile taken from a covariate-adjusted Kaplan-Meier survival curve. Kaplan Meier curves were estimated adjusting for covariates at firstline ART initiation using inverse probability of treatment weights, defined as the inverse of the predicted probability of the patient getting their observed regimen (EFV vs bPI). These weights were produced by fitting a logistic regression model for the probability of starting a bPI regimen as firstline ART based on study site, date of ART initiation, sex, probable route of HIV transmission, age at ART initiation, CD4 at ART initiation, and nucleoside reverse transcriptase inhibitor (NRTI) backbone of the regimen [15] . We evaluated the balance of baseline covariables among regimens in the weighted sample estimating standardized mean differences; results are available in Figure S8 (Supplementary Material). Analyses were repeated among those who were late ART initiators (LI, CD4 <200 cells/µL or AIDS-defining event [ADE] ) and among those who were non-LI (CD4 ≥200 cells/µL and no previous ADE). In secondary analysis, we stratified the bPI group by type of PI (ATV/r: atazanavir/ritonavir vs LPV/r: lopinavir/ritonavir) to explore whether any differences with EFV could be attributed to either.
We also performed analyses that did not include death and LTFU as part of the outcome, but treated death and LTFU as competing events. In this second analysis, cumulative incidence of changing/interrupting firstline ART was estimated, accounting for competing events, both for the overall cohort and among LI and non-LI. We used a proportional subdistribution hazard regression model to assess the association between clinical and demographic variables on the time to ending firstline ART due to changes/interruptions in the third component [16] . We included sex, age, year of ART initiation, probable route of HIV transmission, CD4 count at ART initiation, ADE at ART initiation, and NRTI backbone of the regimen as covariables and stratified by site. CD4 count at ART initiation was the closest measurement to the date of ART initiation within 180 days prior to, or 30 days following, ART start. We calculated e-values to measure the strength of association on the risk ratio scale that an unmeasured confounder would need to have with both the regimen and the change/interruption of third component, conditional on the measured covariates, to explain away the observed association [17] .
We performed a separate, unadjusted analysis to estimate the percentage of patients that required the initiation of a thirdline ART regimen at any time point during follow-up, and the cumulative incidence of this event by firstline ART accounting for the competing events of death and LTFU. The initiation of a third-line regimen was defined as follows: (1) 2 previous ART regimen changes due to treatment failure and at least 1 of the drugs in the selected third regimen was etravirine, raltegravir, maraviroc, tipranavir, dolutegravir, or darunavir; or (2) 1 previous ART regimen change due to treatment failure and the use of at least 2 of the above-mentioned drugs in the selected third regimen.
In secondary analyses, we performed a cross-sectional analysis at different time points after firstline ART initiation (1, 3, 5, and 10 years) and took snapshots of patient status (remaining on firstline ART, LTFU, ART interrupted, change of third component, or death) by firstline ART group in subgroups of patients who started ART early enough to reach the potential follow-up time. For example, for the analysis looking at patient status after 1 year, we only included patients who started ART at least 1 year before the database closing date for their site, so that all included patients had the chance of being in follow-up at least 1 year. When death or LTFU occurred before a given time point, those events were considered the outcome at that time point even if the patient had presented a prior end of firstline ART event. A sensitivity analysis was done excluding patients from Haiti because viral load measurements were not routinely performed at that site.
Ethical Considerations
Ethical approval was obtained from institutional review boards at each study site and at Vanderbilt University Medical Center.
RESULTS
Characteristics of Study Population
We included data on 14 519 patients: 12 898 (89%) started ART with an EFV-based regimen and 1621 (11%) with a bPIbased regimen. Of these, 920 (57%) started with LPV/r and 701 (43%) with ATV/r. Patients were followed for a median of 3.4 years (interquartile range [IQR], 1.5-6.2 years). The median time in follow-up was slightly longer for the EFV-based group (3.44 years; IQR, 1.5-6.3 years) than for the bPI-based group (3.16 years; IQR, 1.4-5.6 years; P < .001). Demographic and baseline clinical characteristics are summarized in Table 1 . Patients started on EFV-based regimens were on average 2 years older and more likely to be male (76% vs 59%) than patients starting a bPI-based regimen. Median CD4 count at ART initiation was lower among patients starting an EFV-based regimen (175 vs 217 cells/µL); 61% of patients starting an EFV-based regimen were late ART initiators (LI) compared with 49% starting a bPI-based regimen. There were also differences in the distribution of the type of NRTI backbone between those starting EFV-vs bPI-based regimens. The proportion of patients initiating EFV-vs bPI-based regimens differed between study sites (Table 1) . Comparisons stratifying the bPI regimens are presented in Supplementary Table S1 . Briefly, patients started on ATV/r were older, more frequently male, had higher baseline CD4 counts, and were more likely to be started with TDF-and ABC-based regimens than their counterparts.
Durability of First ART Regimen
The adjusted median time to the end of the first ART regimen for any reason was 4.6 years (95% confidence interval
[CI], 4.4-4.7 years) in the EFV-based group vs 3.8 years (95% CI, 3.8-4.0 years; P < .001) in the bPI-based group (Figure 2  A) . In stratified analysis, the median durations of first ART were 4.0 years (95% CI, 3.3-4.5 years) on ATV/r and 2.9 years (95% CI, 2.4-3.2 years) on LPV/r. Among non-LI, the adjusted median duration of the first ART regimen was 4.7 years (95% CI, 4.5-5.0 years) for those who started with an EFV-based regimen vs 3.4 years (95% CI, 3.2-3.6 years) for those who started a bPI-based regimen (P < .01) ( Figure 2B ). The median time on first ART was 4.1 years (95% CI, 3.2-6.2 years) on ATV/r and 3.2 years (95% CI, 2.7-3.9 years) on LPV/r. Among LI, the median time to the end of the first ART regimen was 4.4 years (95% CI, 4.1-4.6 years) for the EFV-based group and 3.6 years (95% CI, 3.6-3.9 years) among those in the bPI-based group (P = .37) ( Figure 2C ). The median time on first ART was 3.8 years (95% CI, 3.1-4.9 years) on ATV/r and 2.2 years (95% CI, 1.8-3.1 years) on LPV/r. See Figure S1 in the Supplementary Material for stratified comparative analysis.
Treating death and loss to follow-up as competing events, the crude cumulative incidences of ending firstline ART 10 years after ART initiation were 32% (95% CI, 31%-33%) for those started on EFV and 44% (95% CI, 39%-48%) for those started on a bPI (P < .001). Among non-LI, cumulative incidence at 10 years was 31% (95% CI, 29%-33%) for EFV and 48% (95% CI, 37%-59%) for bPI (P < .01); among LI, cumulative incidence at 10 years was 33% (95% CI, 32%-34%) for EFV and 42% (95% CI, 37%-47%) for bPI (P < .01) (Figure 3 ). The adjusted hazard ratio for changing or interrupting the third component among patients starting EFV vs bPI was 0.88 (95% CI, 0.78-0.97; P = .016). This point estimate and 95% CI correspond with e-values of 1.41 and 1.17. Other covariables, including sex, age, men having sex with men (MSM) route of HIV transmission, and CD4 count at firstline ART, were also independently associated with the incidence of changing or interrupting the third component ( Table 2 ). The results of the analysis stratifying bPI regimen in ATV/r and LPV/r are shown in Table S3 .
Reasons for Ending Firstline ART
The distribution of the reasons for ending the first ART regimen differed between the EFV and bPI groups (P < .001) ( Table 3 ). There were 6914/12 898 (53%) events of firstline (14) 351 (22) 2105 (14) FTC/TDF 1683 (13) 226 (14) 1909 (13) Patients per site, n (%) <.001
Argentina 1680 (13) 345 (21) 2025 (14) Brazil 2258 (18) 507 (31) 2765 (19) Chile 1109 (9) 186 (11) 1295 (9) Haiti 3824 (30) 234 (14) 4058 (28) Honduras 800 (6) 26 (2) 826 (6) Mexico 873 (7) 145 (9) 1018 (7) Peru 2354 (18) 178 (11) 2532 ( ART termination in the EFV group: 821 (12%) were deaths, 3040 (44%) losses to follow-up, 2894 (42%) changes in third component, and 159 (2%) ART interruptions. In the bPI-based group, we observed 928/1621 (57%) events: 77 (8%) were deaths, 343 (37%) losses to follow-up, 491 (53%) changes in third component, and 17 (2%) ART interruptions. The proportion of changes of the third component as firstline ART ending events due to treatment failure was significantly higher for bPI-based regimens than for regimens containing EFV in the overall cohort, and for both LI and non-LI (Table 3) .
The distribution of different reasons for ending firstline ART at 1, 3, 5, and 10 years is shown in Figure 4 . The percentage of patients remaining on firstline ART was nearly 5% higher in the EFV group than in the bPI group during the first 5 years, but only 1% at 10 years ( Figure 4) .
Need of Third-Line Regimen
In the analysis of the need to start a third-line regimen, we observed 218 events of third-line initiation: 185 in the EFVbased group (1.43%) and 33 in the bPI-based group (2.03%; P = .07). Using competing events, the cumulative incidence of third-line initiation in the bPI-based group was 6% (95% CI, 2.4%-9.6%), and among the EFV-based group it was 2% (95% CI, 1.4%-2.2%; P < .01) ( Figure 5 ).
Sensitivity Analysis
In a sensitivity analysis excluding data of patients receiving care in Haiti because they did not routinely measure HIV-1 RNA, we included a total of 10 461 patients: 9074 (86.74%) in the EFV group and 1387 (13.26%) in the bPI group. The results were similar to the main analysis, except that the durability of the EFV-based regimen was statistically longer in both LI and non-LI. Details are shown in the Supplementary Material.
DISCUSSION
In this large, observational cohort study of people living with HIV and receiving care in Latin America, we found that in ARTnaïve patients starting treatment, the median duration of EFVbased regimens was almost a year longer than boosted PI-based regimens. A lower incidence of changes in the third component for EFV regimens for any reason, rather than the number of deaths and losses to follow-up, seems to explain this difference. This difference was determined mainly by the significantly longer duration of EFV-based regimens than those receiving lopinavir/ritonavir, and to a lesser extent by differences with (25) 179 (40) 1271 (28) 161 (34) Other reasons 1028 (15) 155 (17) 383 (16) 59 (13) 645 (14) 92 (19) Percentages for reason of ending are relative to the total number of ending firstline ART.
Abbreviations: EFV, efavirenz; firstline ART, first antiretroviral regimen; LI, patients initiating with CD4 <200 cells/µL or AIDS-defining event; LTFU, lost to follow-up, defined as no visits in the year before the closing date of data set in each site; Non-LI, patients initiating with CD4 ≥200 cells/µL and no AIDS-defining event; PI, protease inhibitor. Abbreviations: 3TC, lamivudine; ABC, abacavir; ADE, AIDS-defining event; AHR, adjusted hazard ratio; AZT, zidovudine; D4T, stavudine; EFV, efavirenz; firstline ART, firstline antiretroviral regimen; FTC, emtricitabine; MSM, men having sex with men; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; TDF, tenofovir.
boosted atazanavir. In the main analysis, patients starting EFV without advanced HIV disease had a significantly longer durability of firstline ART. Among patients initiating ART with advanced disease (CD4 <200 cells/µL or ADE), those starting EFV also had a longer durability of firstline ART, although the association was no longer statistically significant. At different time points during follow-up, the proportion of patients remaining in firstline ART was significantly higher among patients who started EFV. In addition, third-line regimen use among subjects starting ART with EFV-based regimens during complete follow-up was significantly lower than among those starting a bPI-based regimen. This study is consistent with previous clinical trials, observational cohort studies, and meta-analyses that separately have compared the short-term efficacy of EFV-vs bPI-based regimens to suppress HIV replication and time to regimen discontinuation or modification. Overall, treatment failure due to virological failure or treatment discontinuation is more common in patients starting ART with bPI regimens than those starting with EFV [18] [19] [20] [21] . Nonetheless, information derived from clinical trials is limited because of the short-term follow-up [19, 20] , small numbers of participants [18, 19, 21] , and restrictive inclusion criteria [18] [19] [20] that may not allow for wide applicability in all contexts of routine clinical care [22] . Our results are also consistent with previous observations published by our group reporting that patients who had started bPI regimens were overrepresented as a group among those starting second-line regimens in CCASAnet centers [2] .
The difference in durability among PLWH starting ART with advanced HIV-associated disease was not statistically significant, even though clinical trials in this population have found significant differences [19] . In a sensitivity analysis excluding Haiti, however, firstline EFV-based regimens had a longer durability in both LI and non-LI (see the Supplementary Materials). This discrepancy might be explained by clinical practice at the center in Haiti, where rather than routine viral load measurement, CD4 count and clinical status were used to monitor ART efficacy and to direct changes in regimen. In addition, bPI use in Haiti was extremely unusual, and our analyses may not have sufficiently adjusted for confounding variables. Other factors such as differences in study populations and estimands [23] and selection bias might also contribute to this discrepancy.
Our study adds to previous knowledge by showing that, over a 10-year period, in day-to-day routine care, starting treatment with EFV as the third component of a combined ART regimen had advantages over selected boosted PIs in terms of regimen durability in a cohort of patients from 7 Latin American and Caribbean countries. The longer durability of EFV-based regimens in this study, explained largely by differences with boosted lopinavir, was attributed to lower rates of treatment failure, which could be due to lower toxicity, lower rates of virological failure, or a combination of both. We consider that our definitions of durability, which includes a combination of several possible outcomes, and of the secondary outcome (need of a third-line regimen) are relevant from a public health and programmatic perspective because of the increased cost of switching a failing ART regimen and the use of broader options of active drugs in salvage regimens [12, 24] . In addition, we observed a small but statistically significant reduction in the subsequent need to use third-line drugs in the EFV-treated group. The small difference might be explained partially by the lack of access to third-line drugs in the region during the study period or to practice in the region where patients failing a bPI are more likely to escalate to third-line therapy than those failing EFV.
We acknowledge that these results may not be fully representative due to the limited sample of centers and the unique characteristics of the participating sites in CCASAnet, which are primarily academic centers. While we have discussed the issue of representativeness in other analyses by our group, we are uncertain how our results would vary had a wider variety of centers been included. Nonetheless, previous reports from other local and multinational groups in the region usually have been consistent with results reported from our centers [11, 13, [25] [26] [27] . Moreover, patients were likely started on bPI-based regimens for reasons not fully captured in our analyses. It is possible that unmeasured variables (ie, confounders) associated with both the choice of firstline ART and subsequent events may explain the differences between EFV-and bPI-based regimens seen in this study. For instance, young women were overrepresented among people starting boosted lopinavir-based regimens, which were recommended as the firstline regimen for reproductive-age women during the study period in several countries [28] [29] [30] [31] [32] . While we controlled for sex and age, we were not able to account for pregnancy status at ART initiation, but there were only 28 women with end of pregnancy registered as a reason for ending bPI (data not shown), which makes it unlikely to have had a strong confounding effect. In addition, because of limited data, we were unable to include tuberculosis information in our analyses. In the primary analysis, an unmeasured confounder with an association with both exposure and outcome of at least 1.41 (for the point estimate to be 1) or 1.17 (for the upper limit of the 95% CI to include 1) would be needed to explain away the observed association. It is quite possible that such an unmeasured confounder exists, which is a limitation of our study.
Finally, our study leaves unanswered questions that warrant further investigation. Due to the limited number and follow-up of patients started on INSTI, we did not compare the durability of this drug class in our study, even though these regimens are currently recommended as preferred initial ART regimens in high-income countries, and by the WHO as an alternative to EFV [4] . While our results support continuing use of EFVbased regimens as firstline ART over bPIs, particularly boosted LPV/r, they do not provide any information comparing EFV with INSTI. However, they suggest that in cases where EFV is not a valid option, skipping past bPI to Integrase inhibitor-based therapy may be warranted. Despite the preference of INSTI in firstline regimens in high-income countries [33] , EFV-based regimens may continue to be preferred for our region in the future, due to their high efficacy, relatively low toxicity (especially at lower doses) [34] , the existence of generic formulations, and most importantly, affordability for national programs.
CONCLUSIONS
In summary, in our study, patients initiating ART with EFVbased regimens had longer durability of their first ART regimen and eventually required the use of a third-line ART regimen less frequently than patients starting ART with bPI-based regimens. Our results are relevant because in our region, as in other developing countries where the consolidated WHO recommendations for ART use are currently followed, EFV-based regimens are still the preferred options for first ART regimen. Our results strengthen and support current WHO recommendations, as well as most regional national guidelines. Cumulative incidence for use of a third-line ART regimen using death and loss to follow-up as competing events by first regimen treatment group (efavirenz vs boosted protease inhibitor). Abbreviations: bPI, boosted protease inhibitor; EFV, efavirenz; LTFU, lost to follow-up, defined as no visits in the year before the closing date of data set in each site; Third-line, use of a third-line regimen, defined as (1) 2 previous ART regimen changes due to treatment failure and at least 1 of these drugs in the selected third regimen, etravirine, raltegravir, maraviroc, tipranavir, dolutegravir, or darunavir; or (2) 1 previous ART regimen change due to treatment failure and the use of at least 2 of the above-mentioned drugs in the selected third regimen.
